influenza virus, subtype H3N2, genome, sequence feature analysis 2 Abstract Background Influenza H3N2 virus has a faster evolution rate than other types of influenza viruses. This study was performed to better understand the molecular evolution of influenza H3N2 in Qinghai Province, China in 2017.
Introduction
Influenza virus is an enveloped, single-stranded RNA virus with negative strand, containing eight fragments, haemagglutinin (HA), neuraminidase (NA), nucleoprotein (NP), non-structural (NS), matrix (M), polymerase acidic (PA), polymerase basic 1 (PB1) and polymerase basic 2 (PB2). By constantly changing the antigenicity, influenza virus can evade the identification and elimination of host specific immunity, and thus continuously causes epidemics which is one of the important public health issues worldwide [1] . H3N2 subtype of influenza virus was first identified in 1968 and caused the third flu pandemics of 20 th century [2] .
Owing to the rapid evolution, influenza H3N2 virus have always been active in the crowds. Therefore, it is important to monitor and explore the variation rules of influenza virus for the prediction of influenza outbreak and the screening of influenza vaccine.
Influenza vaccines have been developed to protect the general population from developing severe disease [3] . Considering the rapid viral antigenic evolution of influenza virus, vaccines need to be reformulated periodically [4] . Twice a year, the World Health Organization (WHO) provides recommendations on influenza vaccines strains for the upcoming influenza season, for southern and northern hemispheres respectively. The application of complete influenza virus genomes is deepening our understanding of influenza evolutionary characteristics and promoting the selection of vaccine strains.
In this study, we firstly performed the whole genome sequencing of influenza H3N2 virus in Qinghai Province, located in the northwest of China. We analyzed eight gene segments of two influenza A/H3N2 virus strains circulating in 2017 and compared them with those of the WHO recommended vaccine strains and with some other H3N2 strains circulating in other areas at the same time from Gen Bank and GISAID, which benefit us for understanding the molecular epidemic characteristics of influenza H3N2 virus in Qinghai Province in 2017 and assessing the protective effect of WHO recommended vaccine strains in this area.
Material and Methods

Virus
Two strains of influenza H3N2 virus involved in this study were selected randomly, which were isolated by Madin-Darby canine kidney cells (MDCK), and identified by hemagglutination (HA) test and hemagglutination inhibition (HI) test [5, 6] .
Whole genome sequencing
Viral RNA was extracted by using RNA/DNA extraction kit (ZTLJB-Y64) on nucleic acid extraction system NP968 according to manufacturer's instructions (Tianlong Biotechnology Co., Ltd., China). PCR was performed by using QIAGEN One-step RT-PCR kit (QIAGEN, Germany) according to the manufacturer's instructions, the primers of HA, NA, NP, NS, M, PA, PB1 and PB2 gene were designed by Yi-Mo Deng et al [7] and synthesized in Sangon Biotech (Shanghai, China). Then the mixture was run using the following program: 60℃1min, 42℃10min, 50℃30min, 95℃15min, (94℃30s, 50℃30s, 72℃1min)×35 cycles, 72℃10min. The PCR products were identified using 1.5% agarose gel electrophoresis and then sent to Sangon Biotech (Shanghai, China) for Sanger sequencing. Genbank accession numbers range from MN533932 to MN533947 for virus isolate sequences.
Sequence analysis
The nucleotide sequences were spliced by using SeqMan, analyzed by using BioEdit version 7.0.4.1 and the NCBI BLAST software (http://blast.ncbi. nlm.nih.gov/). MEGA 6.06 software was used for phylogenetic analysis of the aligned sequences. The phylogenetic tree was generated using the neighbor-joining algorithm. The credibility of the phylogenetic trees was tested by applying a bootstrap test with 1000 replications. WHO recommended influenza vaccine strains from 2010 to 2017 and some influenza isolates from other areas during 2016 to 2017 were obtained from Genbank and GISAID.
Results
Phylogenetic analysis
The phylogenetic tree of nucleotide sequences of eight gene fragments of influenza W178, S179, D/N198, I222, E227, H274, E277, N294 and E425 [13] . Sequence alignment results showed that the NA enzyme activity site of influenza H3N2 virus in this study was conserved and no amino acid substitution was observed. [17] . In this study, there were no key amino acid substitution was observed in Qinghai isolates. and the amino acid terminals sequence were RSEV, which indicated that they had no ability to bind PDZ domain.
PA, PB1 and PB2 protein
Influenza virus polymerase is a heterotrimer consisting of three proteins (PA, PB1, and PB2). Among them, sites 55, 100, 382 and 552 are host-specific sites of PA protein, and sites 199, 475, 567, 627 and 702 are host-specific related sites of PB2 protein, and no key amino acid substitution was observed in Qinghai isolates [18] .
PB1-F2 protein is an important virulence factor of influenza virus, and its mitochondrial target sequence is located at sites 69-82, while sites 63-75 is related to mitochondrial localization [19] . In this study, amino acid substitution of H75P
were observed in Qinghai isolates, which might have some influence on the virulence of influenza virus.
Discussion
Influenza H3N2 virus has a faster evolution rate than other types of influenza viruses, and a large number of new mutant strains have been developed since 1968.
In this study, two influenza H3N2 virus strains circulating in Qinghai Province in 2017 are relatively close to 2016-2017 vaccine strain 3C.2a-A/Hong Kong/4801/2014. Previous study showed that a typical influenza A virus variant should have more than 4 amino acid mutations in the HA1 epitope and involve 2-3 epitopes [20, 21] . In this study, compared with the 2015-2016 vaccine strain A/Switzerland/9715293/2013, the amino acid substitution of R140I, G142K, N144S, S159Y, K160T and P194L were observed in epitopes NA protein is a kind of glycoprotein, as one of the flu drug targets, distributed on the influenza virus envelope. Amino acid substitution in the epitope may change virus antigenic, amino acid substitution at enzyme activity center may affect the combination between NA enzyme inhibitor and the influenza virus, and amino acid substitution at glycosylation and disulfide sites may affect the NA protein structure [23, 24] . In this study, no amino acid substitution were observed in the two Qinghai isolates at the key sites of epitopes, enzyme activity center and disulfide bond in 
Conclusions
Influenza H3N2 virus has evolved rapidly, which epidemic is a long-term threat to human health, and vaccination is the most effective way to prevent the infection.
Exploring the characterization of genetic and antigenic evolution of influenza H3N2
virus is essential to formulating effective vaccine strategies. Periodic assessment and replacement of vaccine strains are important for influenza pandemic prevention 
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